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Abstract 
 
The development of Rhyzopertha dominica (F.) larvae on different types of flour and on pasta debris was evaluated under labora-
tory condition. Tests were carried out on wheat flour, semolina, wheat bran, corn meal, corn starch, rice flour, buckwheat flour, 
chickpea flour, almond flour, chestnut flour, potato starch, and pasta debris. Two layers of flour or pasta debris, 3 and 6 mm high, 
were placed in Petri dishes and 20 first instar larvae were put into the middle of the substrate. Four replicates were carried out for 
each combination of substrate, particle size, and thickness of the layer. The emergence of adults was assessed daily. Chestnut 
flour and semolina permitted the development of larvae in a period of time similar to that observed in cereal kernels while chick-
pea flour and wheat flour were less appropriate food; in fact, only 25% of larvae underwent complete development into adults. In 
the case of corn meal, rice flour, and wheat bran, only 5% of adults emerged, while larvae were unable to develop on corn starch 
and potato starch. Although R. dominica is a well-known pest of pasta, pasta debris was less suitable for the development of lar-
vae, as few adults emerged and a longer development time was observed. A three-millimeter layer of suitable food was sufficient 
for the development of larvae, although a higher number of adults was observed in the 6 mm layer. 
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Introduction 
 
From an economic point of view the lesser grain borer, 
Rhyzopertha dominica (F.) (Coleoptera Bostrichidae), is 
one of the most important beetles, infesting cereal ker-
nels and pasta (Schwardt, 1933; Bashir, 2002; Edde and 
Phillips, 2006b). As a bostrichid, the original food of the 
insect should be wood and dried fruit, and thereafter the 
species adapted to feed on dry grains (Chittenden, 1911; 
Linsley, 1944; Potter, 1935). Larval development is 
through four larval instars (Potter, 1935; Howe, 1950; 
Thompson, 1966), and takes 46 days at 25 °C and 30 
days at 28 °C and 70% RH (Howe, 1950). The species 
can develop within 18.2 and 39 °C, and 70% RH, on 
wheat kernels at 14% moisture content (Birch, 1945a; 
1945b; 1953; Longstaff, 1999). 
Fresh and dead twig, seeds, bulbs, and fruits belong-
ing to different plant species have been reported as rear-
ing media for R. dominica (Chittenden, 1911; Potter, 
1935; Wright et al., 1990; Morrison et al., 2005; Jia et 
al., 2008; Edde and Phillips, 2006a; 2006b; 2006c). In 
tests carried out with semolina, due to the small particle 
size, adults showed a poor mobility, turned over and 
died (Kłys, 2006). First instar larvae could not develop 
in 0.5 mm of semolina, while, in 6 mm, the number of 
emerging adults was the same as that observed on ker-
nels and the development time was shorter (Limonta et 
al., 2011). The different behaviour can be explained as 
adults need a hard substrate to walk while larvae are 
able to move also on soft surface but we observed        
R. dominica adults walking and females laying eggs on 
thin layer of semolina, and adults emerged from semo-
lina afterwards (unpublished results). 
In this study, the development of R. dominica larvae 
on different types of flour and pasta debris was evalu-
ated. Flours and debris can accumulate and become a 
breeding ground for pests in grain milling departments 
and the food industry, due to improper cleaning of ma-
chines and facilities. The purpose of this study was to 
establish the layer of food that allows R. dominica de-
velopment in order to plan cleaning operations. 
 
 
Materials and methods 
 
Insect rearing 
Laboratory cultures of R. dominica kept on wheat 
seeds in a rearing room at 28 ± 1 °C, 70 ± 5% RH and a 
photoperiod of 16:8 (light:dark) since five years, were 
used for the experiments. Eggs were collected according 
to Elek (1994), incubated for 7-8 days, and assessed 
daily in order to obtain first instar larvae, 0-24 hours old. 
 
Flour and pasta debris 
Wheat flour, semolina, wheat bran, cornmeal, corn 
starch, rice flour, buckwheat flour, chickpea flour, al-
mond flour, chestnut flour, and potato starch, used in 
tests, were purchased from the supermarket. 
Five types of substrate, semolina, corn meal, rice 
flour, buckwheat flour, and chickpea flour, were sifted 
and two particle size fractions, 0.149-0.210 mm and 
0.210-0.297 mm, were tested. 
Pasta debris, collected from a pasta factory, was 
sieved and whole debris, >2.38 mm, 0.707-1.68 mm, 
and 0.4-0.5 mm particle size were assayed. 
All the diets were kept at −18 °C for 20 days before 
the beginning of the tests. 
 
Post-embryonic development 
Twenty newly hatched larvae of R. dominica were 
placed in the middle of the substrate in Petri dishes      
(5 cm in diameter) containing 3 or 6 mm, of flour or 
pasta debris. 
Four replicates were carried out, for each combination 
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of substrate, particle size, and thickness, and adult 
emergence was assessed daily until no insects emerged 
for 30 days. 
 
Data analysis 
The number of adults emerged and the development 
period on flour and on pasta debris were submitted to 
one-way analysis of variance (ANOVA), two-way 
ANOVA with diet and thickness as fixed factors while 
data on sieved flours were submitted to three-way 
ANOVA with diet, thickness, and particle size as fixed 
factors. The statistical differences among means were 
evaluated using the least significant difference (LSD) 
test at α = 0.05 (SPSS22). 
 
 
Results 
 
Development of R. dominica on flour 
In table 1, the mean number (± SE) of adults, starting 
from 20 first instar larvae, and the mean development of 
R. dominica on different types of flour, and two layer 
thicknesses, 3 mm and 6 mm, are reported. The highest 
number of adults in the 3 mm layer was observed on 
semolina, 8.2 ± 0.95 (F = 31.591; df = 10, 33; P < 0.000), 
and a significantly lower number was recorded on 
chestnut flour, 6.2 ± 0.48. Chickpea flour and wheat 
flour were less suitable as rearing diet, as 4.2 ± 1.03 and 
3.5 ± 0.50 adults developed respectively. Few adults 
emerged from wheat bran, rice flour, and corn meal, 
while, on corn starch, potato starch, buckwheat flour, 
and almond flour, larvae were unable to develop. The 
period from first instar larva to adult, in 3 mm, varied 
from 37.6 ± 1.86 to 29.2 ± 0.38 days (F = 9.581; df = 6, 
100; P < 0.000). The longest developmental time was 
recorded on wheat bran, rice flour, chickpea flour and 
chestnut flour, and the shortest time was recorded on 
semolina and wheat flour. 
In the case of buckwheat flour, adults were recorded 
only in the 6 mm layer. The highest number of adults 
(13.5 ± 3.00) was recorded in 6 mm of chestnut flour, 
significantly different from the number of adults ob-
served in semolina (10.7 ± 1.60) (F = 30.03; df = 10, 33; 
P < 0.000). Corn starch, potato starch, buckwheat flour, 
and almond flour, were unsuitable for the development 
of R. dominica larvae also in the case of 6 mm thickness. 
The shortest developmental period was recorded in         
6 mm of semolina (27.5 ± 0.73 days) (F = 18.111; df = 7, 
196; P < 0.000). 
A two-factor ANOVA showed a significant (F = 5.658; 
df = 10, 66; P < 0.000) interaction between diet and the 
thickness of the layer, but diet had a stronger influence 
than thickness. LSD test confirmed that the number of 
adults of R. dominica was significantly higher on chest-
nut flour and semolina, followed by wheat flour and 
chickpea flour. 
 
Development of R. dominica on different particle size 
The number of adults and the developmental period of 
R. dominica recorded on semolina, corn meal, rice flour, 
buckwheat flour, and chickpea flour, sifted into two 
fractions, 0.210-0.297 mm and 0.149-0.210 mm, and 
two layers, 3 and 6 mm, are shown in table 2. 
In the particle size fraction 0.210-0.297 mm, 3 mm 
layer, the highest number of adults was observed in 
semolina, 6.5 ± 0.64 (F = 44.426; df = 4, 15; P < 0.000), 
and the shortest development period, 32.5 ± 1.72 days, in 
chick pea flour (F = 5.864; df = 3, 55; P < 0.001). In the 
6 mm layer the highest number of adults was observed in 
semolina, 8.7 ± 0.75, and in chickpea flour, 10.0 ± 1.41, 
that was significantly different from the number of adults 
developed on other sifted flours (F = 26.11; df = 4, 15;   
P < 0.001). The longest development period was ob-
served in chickpea flour, 43.5 ± 6.75 days, and it was 
significantly different from the development period on 
the other diet (F = 21.507; df = 3, 98; P < 0.05). The de-
velopment period on buckwheat was not considered as 
there only one adult emerged (33.0 days). 
In the particle size fraction 0.149-0.210 mm, 3 mm 
layer, again the highest number of adults was observed 
in semolina and chickpea flour, 6.7 ± 0.85 and 5.2 ± 
0.63 respectively (F = 24.069; df = 4, 15; P < 0.001), 
while, in the 6 mm layer, the number of adults regis-
tered in semolina, 8.5 ± 0.64, was significantly different 
from the number of adults in chickpea flour, 6.7 ± 0.63 
(F = 40.395; df = 4, 15; P < 0.001). In 3 mm the longest 
 
 
Table 1. Mean number (± SE) of adults and mean development time (±SE) (days), from newly hatched larva to 
adult, of R. dominica, reared on different substrates and two different layer thickness, 3 mm and 6 mm. 
 
Substrate 
3 mm 6 mm 
Adults Days Adults Days 
Wheat bran 2.0 ± 0.41d 37.6 ± 1.86a 2.7 ± 0.25cd 37.3 ± 0.99a 
Wheat flour 3.5 ± 0.50c 29.2 ± 0.38c 6.2 ± 0.48c 29.5 ± 1.11bc 
Semolina 8.2 ± 0.95a 30.8 ± 0.80bc 10.7 ± 1.60b 27.5 ± 0.73c 
Cornmeal 1.2 ± 0.25de 33.6 ± 2.71abc 2.5 ± 0.29d 39.5 ± 0.70a 
Corn starch 0.0 ± 0.00e - 0.0 ± 0.00e - 
Potato starch 0.0 ± 0.00e - 0.0 ± 0.00e - 
Rice flour 1.5 ± 0.29d 37.3 ± 0.80a 5.0 ± 0.41c 31.7 ± 0.87b 
Buckwheat flour 0.0 ± 0.00e - 4.0 ± 1.08cd 36.2 ± 1.79a 
Chestnut flour 6.2 ± 0.48b 35.1 ± 0.77a 13.5 ± 1.50a 39.0 ± 1.11a 
Chickpea flour 4.2 ± 1.03c 35.5 ± 0.73a 5.0 ± 0.71c 36.2 ± 0.68a 
Almond flour 0.0 ± 0.00e - 0.0 ± 0.00e - 
 
The means followed by different letters in the same column are significantly different (LSD, P < 0.05). 
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Table 2. Mean number (±SE) of adults of R. dominica that emerged from different diets and two different particle 
size fractions, 0.210-0.297 mm and 0.149-0.210 mm, with two different layer thicknesses, 3 mm and 6 mm, and 
mean development time (± SE) (days) from newly hatched larva to adult. 
 
Diet 
0.210-0.297 mm 0.149-0.210 mm 
3 mm 6 mm 3 mm 6 mm 
Adult Days Adult Days Adult Days Adult Days 
Semolina 6.5 ± 0.64a 40.5 ± 1.15a 8.7 ± 0.75a 35.2 ± 0.58b 6.7 ± 0.85a 44.9 ± 0.61a 8.5 ± 0.64a 45.8 ± 0.68a 
Corn meal 1.7 ± 0.25c 35.6 ± 3.54ab 2.5 ± 0.29bc 35.9 ± 1.58b 3.2 ± 0.25b 39.8 ± 1.81b 3.2 ± 0.25d 40.0 ± 1.56b 
Rice flour 1.7 ± 0.25c 40.7 ± 1.67a 4.2 ± 0.75b 33.6 ± 1.21b 3.0 ± 0.41b 34.8 ± 1.63c 4.7 ± 0.48c 31.6 ± 1.13c 
Buckwheat flour 0.0 ± 0.0d - 0.2 ± 0.25c 33.0* 0.0 ± 0.00c - 0.5 ± 0.29e 31.0 ± 0.00c 
Chickpea flour 4.0 ± 0.41b 32.5 ± 1.72b 10.0 ± 1.41a 43.5 ± 6.75a 5.2 ± 0.63a 43.5 ± 1.06a 6.7 ± 0.63b 42.8 ± 0.88b 
 
Means followed by different letters in the same column are significantly different (LSD, P < 0.05). *Value not considered. 
 
 
Table 3. Mean number (±SE) of adults of R. dominica that emerged from whole and sifted pasta debris in two differ-
ent layers, 3 mm and 6 mm, and mean development time (±SE) (in days) from  newly hatched larva to adult. 
 
Particle size of pasta 
3 mm 6 mm 
Adults Days Adults Days 
Whole debris  0.5 ± 0.29b 53.5 ± 9.5 0.7 ± 0.48b 50.0 ± 3.46ab 
>2.38 mm 3.0 ± 0.91a 58.6 ± 3.14 3.0 ± 0.91a 60.1 ± 1.98a 
0.707-1.68 mm 0.5 ± 0.29b 53.0 ± 2.00 0.7 ± 0.25b 45.3 ± 0.33b 
0.4-0.5 mm 0.2 ± 0.25b 71.0* 1.0 ± 0.41b 53.5 ± 6.70ab 
 
Means followed by different letters in the same column are significantly different (LSD, P < 0.05). *Value not considered. 
 
 
development period was observed in semolina and 
chickpea flour, 44.9 ± 0.61 and 43.5 ± 1.06 days respec-
tively (F = 13.676; df = 3, 69; P < 0.001), while in         
6 mm the longest development period was observed in 
semolina, 45.8 ± 0.68 days, and it was significantly dif-
ferent from the development period on chickpea flour 
and corn meal (F = 32.715; df = 4, 90; P < 0.001). 
The results of tests with sifted flours (table 2) were 
compared with the number of adults recorded with the 
same diet not sifted (table 1). A three-factor ANOVA 
showed a significant (F = 3.165; df = 8, 90; P < 0.005) 
interaction between diet, the thickness of the layer and 
particle size, but diet had a stronger influence and parti-
cle size was not significant. 
 
Development of R. dominica on pasta debris 
In tests with whole and sifted debris collected from a 
pasta factory (table 3), the highest number of adults of R. 
dominica was observed in the fraction greater than 2.38 
mm, for both the considered layer thicknesses, 3 mm    
(F = 6.333; df = 3, 12; P < 0.05) and 6 mm (F = 3.677;  
df = 3, 12; P < 0.05). On whole debris and in the 0.707-
1.68 mm and 0.4-0.5 mm fractions, the number of adults 
was significantly lower. The number of adults was influ-
enced by particle size (F = 8.348; df = 3, 24; P < 0.001), 
while neither the thickness of the layer (F = 2.087;         
df = 1, 24; NS) nor the interaction of the two factors      
(F = 0.174; df = 3, 24; NS) was significant. 
In 3 mm of pasta debris, development from newly 
hatched larva to adult was not significantly different    
(F = 0.766; df = 3, 13; NS). The development period on 
0.4-0.5 mm size fraction, 3 mm layer, was not consid-
ered as there was only one adult emerged (71.0 days). 
In 6 mm, the shortest period of time was observed in the 
0.707-1.68 mm size fraction (45.3 ± 0.33 days) and the 
longest one in the debris with particle size lower than 2.38 
mm (60.1 ± 1.98 days), (F = 3.556; df = 3, 18; P < 0.05). 
 
Discussion 
 
In this study, the development of R. dominica was ob-
served on different types of flour. Chestnut flour and 
semolina permitted the development of larvae in a period 
of time similar to that observed in cereal kernels (Howe, 
1950). Chickpea flour and wheat flour were a less ap-
propriate food, and in fact, only 25% of larvae com-
pleted development to adult. In the case of corn meal, 
rice flour, and wheat bran, only 5% of adults emerged. 
Larvae were unable to develop on corn starch and po-
tato starch while reproduction on small pieces of dried 
potatoes was observed (Edde and Phillips, 2006b), this 
behavior can be attributed to the different texture of the 
media. 
Almond flour is not a breeding source for R. domin-
ica, as larvae on this media did not develop into adults. 
This result agrees with those found by Kapoor (1964), 
who observed that oil seeds and spices are not a suitable 
food and development is slowed. The behaviour on 
seeds is different according to the plant species; for ex-
ample, R. dominica can develop and reproduce on wal-
nut seeds and acorn (Wright et al., 1990; Jia et al., 
2008), while few adults survive on peanuts and do not 
reproduce (Edde and Phillips, 2006b). 
Observations carried out on the sieved fractions, i.e. 
0.210-0.297 mm and 0.149-0.210 mm, and two layer 
thicknesses, 3 and 6 mm, of semolina, corn meal, rice 
flour, buckwheat flour, and chickpea flour, demon-
strated that development was influenced by the diet and 
the thickness of the diet, while particle size had no ef-
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fect. This is in contrast to what was observed in a previ-
ous study, where the particle size of soft wheat flour in-
fluenced both the percentage of adults emerging and the 
mean development time of Ephestia kuehniella Zeller 
(Lepidoptera Pyralidae), as flour with a smaller particle 
size had low rates of air diffusion (due to restricted in-
terstitial space), which reduced the amount of available 
oxygen (Locatelli et al., 2008). 
Although R. dominica is a well-known pest of pasta, 
debris was less suitable for the development of larvae, 
as few adults emerged and a longer development time 
was observed. The best development was observed in 
the fraction of debris with a size larger than 2.38 mm, 
i.e. the size fraction with the largest particles, more 
similar to grain size. 
Three-millimeter layer of suitable food was sufficient 
for the development of larvae, even if a higher number of 
adults was observed in 6 mm. In a previous study, it was 
observed that 0.5 mm of semolina was inadequate, as first 
instar larvae could not develop or fled, as larvae thrive 
inside a food layer (Limonta et al., 2011). In fact, the 
body length of first instar larvae is 0.78 mm (Potter, 
1935), and that of fourth instar larvae is 3.2 mm and the 
head is approximately 0.41 mm in diameter (Howe, 
1950); therefore a 0.5 mm layer is insufficient for larvae 
to nest. 
The development from newly hatched larva to adult 
on the different types of substrate varied from a mini-
mum of 27 days on semolina to a maximum of 39 days 
on corn meal. The time slightly increased with decreas-
ing particle size and almost doubled on pasta debris in 
one case, to 71 days. 
The wide range of flour types that allow for the devel-
opment of R. dominica has increased the number of 
food industries that can be colonized by this species, 
such that not only pasta factories are a suitable envi-
ronment, but also other types of food processing plants. 
Moreover, this species can thrive on a small amount of 
food dust, increasing the importance of sanitation. The 
design of food processing machinery must consider the 
important issue accessibility to facilitate the cleaning of 
dust and debris. 
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